Introduction
Diabetes mellitus (DM) is a group of metabolic diseases characterized by chronic hyperglycemia resulting from defects in insulin secretion, insulin action, or both. 1 It is the most common disorder of carbohydrate metabolism characterized by elevated blood glucose level. 2 The global burden of diabetes is rising dramatically worldwide. 3 The International Diabetes Federation estimates that 382 million people had diabetes in 2013; by 2035, this will rise to 592 million worldwide. In 2013, diabetes caused 5.1 million deaths globally; every 
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Mohammed et al 6 seconds, a person die with diabetes. Almost 80% of diabetes deaths occur in low-and middle-income countries. 4 DM is a common disorder affecting individuals of all age groups. Similar to the general population, human immunodeficiency virus (HIV)-infected individuals may also develop DM. 5 Three subgroups of patients with diabetes and HIV can be identified: patients with preexisting diabetes who contract HIV, those who are diagnosed to have diabetes at the onset of HIV infection, and HIV-infected individuals who develop hyperglycemia after starting highly active antiretroviral therapy (HAART). 6 Acquired immunodeficiency syndrome (AIDS) is still a disastrous infectious disease posing considerable negative impact on quality of life to individuals and communities. It weakens economic and social performance of the infected individuals, which may result in poor mental and/or physical health. 7 According to the 2013 United Nations report, globally, an estimated 35.3 million people were living with HIV in 2012, 2.3 million people became newly infected with HIV, and 1.6 million people died from AIDS-related illnesses. 8 In sub-Saharan Africa, in 2012, a total of 25 million people were living with HIV, 1.6 million people were newly infected with HIV, and 1.2 million were estimated to have died due to AIDS. 9 Killing the economically active population in particular, HIV/AIDS is destroying the very fabric of societies throughout the continent. 10 Globally, 12.9 million people living with HIV were receiving HAART in 2013, of whom 11.7 million were receiving antiretroviral therapy (ART) in low-and middle-income countries. 11 In Ethiopia, about 1.2 million people were estimated to be living with HIV in 2011, 12 among whom 62% had access to ART. 13 Introduction of HAART in developing countries with high prevalence of HIV has been recognized as a public health priority. The number of people with access to HAART in sub-Saharan Africa is estimated to have increased tenfold over the last 3 years. 4 Benefits of HAART include suppression of viral load, improvement in cluster of differentiation 4 count, decrease in opportunistic infections and length of hospital stay, and reduction in mortality. 6 As treatment of HIV advances and access to therapy improves, the incidence of HIV-associated diabetes is bound to grow. HAART may lead to increase in metabolic dysfunctions, including insulin resistance, diabetes, dyslipidemia, lipodystrophic and cardiovascular diseases, 6, [14] [15] [16] hypercholesterolemia, low levels of high-density lipoprotein cholesterol (HDL-C), hypertriglyceridemia, lactic acidemia, and hypercoagulopathy. [17] [18] [19] [20] HIV-infected persons may be at increased risk of developing Type 2 DM as a result of viral coinfection and adverse effects of treatment. 21, 22 Death due to DM in HIV/AIDSinfected individuals is increasing in the era of HAART. 23 Coexistence of DM in HIV-infected individuals may complicate management of HIV infection, increasing the risk of morbidity and mortality of those individuals. In Ethiopia, there is no adequate information on the magnitude of DM in HIV-infected individuals. Therefore, the aim of this study is to determine the magnitude of DM and associated factors in HIV-infected individuals.
Materials and methods

Study area
The study was conducted at Jimma University Specialized Hospital (JUSH) comprehensive chronic care and training center. The hospital is found in Jimma town, and the town is located 335 km southwest of Addis Ababa. The hospital serves a total of five million people in Southwest Ethiopia. According to the 2007 Central Statistical Agency census report, the total projected population of Jimma town is 120,960. The town has a characteristic tropical highland climate condition, heavy rainfall, warm temperature, and long wet period. 24 In April 2014, a total of 7,288 HIV-infected individuals were registered/attending JUSH comprehensive chronic care and training center. Out of these, 4,277 (58.6%) were on HAART, and the remaining 3,011 (41.4%) were HAART naïve.
Study design and period
Institution-based cross-sectional study was conducted at JUSH in April and May 2014.
Sample size determination and sampling technique
The sample size was calculated by using single-population proportion formula, with the following assumptions: estimate of prevalence (50%), margin of error (0.05), 95% confidence interval (CI), and 10% for anticipated nonresponse. This gave us a sample size of 403 individuals. Study participants were included in the study using convenient sampling technique.
Data collection procedures Sociodemographic and anthropometric data
Sociodemographic and clinical data were collected using structured questionnaire. Moreover, anthropometric (weight, height, waist, and hip) and blood pressure data were collected. 
199
DM and risk factors in HIV-infected individuals
These data were collected by two experienced clinical nurses.
Blood specimen collection and laboratory analysis
Approximately 5 mL of fasting venous blood specimen was collected from each consenting study participant. Serum was separated from the whole blood at Clinical Chemistry Laboratory of Department of Medical Laboratory Sciences and Pathology, following standard procedures. Serum glucose, total cholesterol, triglyceride, and HDL-C were measured. The glucose and lipid profile tests were analyzed by HumaStar 80 spectrophotometer (Human Diagnostic Company, Wiesbaden, Germany). The reagents used for measurement of the glucose and lipid profile were supplied by Human Gesellschaft für Biochemica und Diagnostica mbH (Wiesbaden, Germany). The low-density lipoprotein cholesterol (LDL-C) was calculated by using this formula, LDL = TC -HDL -(TG/5), where TC represents total cholesterol and TG represents triglyceride. 25 The study participants were classified as diabetic using World Health Organization (WHO) diagnostic criteria when fasting plasma glucose was $126 mg/dL. 26 
anthropometric parameters
The height and body weight were measured to a precision of 0.1 cm and 0.1 kg, respectively, using a digital balance with height measurement attached to it. Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters. Based on the BMI, the study participants were classified as underweight, normal, overweight, and obese when the BMI is ,18.5 kg/m 2 , 18. 
Blood pressure
Three blood pressure measurements were taken after taking at least 5 minutes of rest in between the measurements. Average of the second and third readings was finally recorded. A study participant was classified to have normal blood pressure if both systolic blood pressure (SBP) and diastolic blood pressure (DBP) were normal; meanwhile, a participant was classified as having mild, moderate, and severe hypertension when SBP or DBP was mildly raised, moderately raised, and severely raised, respectively. 28 
Data analysis
To assure the quality of the data, standard operating procedures were followed during specimen collection and all other laboratory procedures. Training was given to the data collectors before the actual work started. The reagents and instruments were checked for proper functioning before the start of the actual work. Both normal and pathological quality controls were run for detecting errors and to validate patient result. The anthropometric and blood pressure measurements were done strictly by skilled senior clinical nurse. The questionnaires were checked for completeness and consistency. Data from the laboratory investigation, structured questionnaires, and other measurements were coded and entered to Epi Info version 7.1.4.0 (Centers for Disease Control and Prevention [CDC] ) and then exported to SPSS version 20 for analysis. Descriptive statistics and inferential statistical tests, chi-square test, bivariate and multivariate logistic regression tests were utilized. For variables that do not satisfy the assumptions of chi-square test, the Fisher's exact test was used instead of Pearson's chi-square test. The variables with P-value less than 0.25 in bivariate logistic regression analysis were nominated for multivariate logistic regression analysis.
Before running the multiple binary logistic regressions, Hosmer and Lemeshow goodness of fit test was done. In multivariate logistic regression test, P-values less than 0.05 were taken as cut-off value for significant association.
ethical considerations
Ethical clearance was obtained from Jimma University ethical review committee, official support letter to conduct the study was obtained from JUSH administrators, and written informed consent was taken from each study subject after clear orientation of the study objective. All the results were kept confidential, and the privacy of the study participants was protected. Positive findings were reported to the clinician working at JUSH comprehensive chronic care and training center for better management.
Results
Sociodemographic characteristics of the study participants
A total of 403 study participants were enrolled in this study. Ten of the blood samples were not appropriate for the assays, and hence were excluded from analysis. Accordingly, complete data of 393 HIV-infected individuals were collected. Age of the study participants ranged from 21 years to 75 years (mean age 37.9±11.18 standard deviation). Two hundred and eighty-four (72.3%) of the study participants were HAART experienced, and the rest 109 (27.7%) were HAART naïve. The majority (71.2%) of the study participants were less than 40 years of age. Most of the study participants (66.9%) were 
Magnitude of DM in the study participants
The overall prevalence of DM in this study was 6.4% (n=25). Seven of the DM-positive individuals knew about their DM status before our study, and they did not start using drug. Two hundred and ninety-one (74%) and 77 (19.6%) of the study participants had normal glucose value (70-110 mg/dL) and impaired fasting glucose value (111-125 mg/dL), respectively ( Figure 1 ).
risk factors associated with DM
In this study, several sociodemographic and other associated factors to DM were assessed. With regard to the association of DM with age, 15 (13.3%) and ten (3.6%) of the study participants who were DM positive were $40 years and ,40 years, respectively. There was a strong statistically significant association between DM and age (P=0.001).
In addition to this, eleven (5.9%) and ten (11.4%) of the employed and merchandizing study participants were positive for DM, respectively (Table 1) . On the other side, 17 (6.5%), 21 (6.8%), 12 (4.9%), 22 (6.3%), and 24 (8.5%) of the females, literates, married, urban residents, and HAART experienced of the study participants were DM positive, respectively. There was no significant association of DM with sex (P=0.906) and educational status (P=0.480), but drug status had statistically significant association with DM (P=0.006) ( Table 1) .
Thirty-three (8.4%) of the study participants had the three symptoms of DM (polydipsia, polyuria, and polyphagia), and 58 (14.8%) of the study participants had one or two of the symptoms. Among the study participants who have the three signs and symptoms, 25 (75.8%) of them were positive for DM ( Table 2) .
The majority (88.3%) of the study participants had no family history of DM. Of these, 19 (5.5%) of them had DM. In relation to habit of smoking with DM, 326 (83%) of the study participants reported no habit of smoking. Among these who reported no history of smoking, 22 (6.7%) were DM positive. There was no statistically significant association with DM in both family history of DM (P=0.098) and smoking (P=0.783) ( Table 2) .
With regard to the types of HAART, 126 (32.1%) of the study participants used the drug combination zidovudine (AZT) + Lamivudine (3TC) + Nevirapine (NVP). Of these, 13 (10.3%) had DM. Additionally, six (7.1%) of the study participants who were using the drug Tenofovir (TDF) + 3TC + Efavirenz (EFV) were positive for DM (Table 2) .
Almost greater than half (67.4%) and 44 (11.2%) of the study participants had a normal (18.5-25 kg/m 2 ) and overweight (25-29.9 kg/m 2 ) BMI values, respectively. Thirteen (4.9%) and ten (22.7%) of the study participants who had normal and overweight BMI values were positive for DM, respectively ( Table 2) .
The majority of the study participants (85.8%) were in WHO clinical stage 1 of HIV/AIDS classification. Of these, 24 (7.1%) of them had DM. On the other hand, 189 (66.5%) of the study participants were using HAART for greater than or equal to 5 years. Of these, 22 (11.6%) of them had DM. In addition to this, two (2.1%) of the DM-positive study participants had HAART duration of less than 5 years. There was a statistically significant association between DM and duration of HAART (P=0.006) ( 
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Regarding HIV duration, almost half (51.9%) of the study participants live with HIV for greater than or equal to 5 years. Of these, 19 (9.3%) of them had DM. There was a statistically significant association between DM and HIV duration (P=0.013) ( Table 2) .
In relation to hypertension, 135 (34.4%) of the study participants had hypertension. Nineteen (14.1%) of the study participants who had hypertension were DM positive. Six (2.3%) of the study participants with DM had normal systolic and diastolic values. There was a statistically significant association between hypertension (P=0.001) and DM ( 
Discussion
Ethiopia is one of the countries of the International Diabetes Federation Africa region. The national prevalence of DM was estimated to be 2%-3% in the general population. 29 In addition to this, the total prevalence of DM in Ethiopian adult population (20-79 years) was 4.36%, 30 which is lower than this study (6.4%). People with diabetes have an increased risk of developing a number of serious health problems. High blood glucose levels can lead to serious diseases affecting the heart, blood vessels, eyes, kidneys, and nerves. On the other side, HIV/AIDS is not curable, and it is a disastrous disease that compromises the immune system of the patient. So, the combination of the two diseases will increase the burden of morbidity and mortality of the HIV-infected individuals. HAART might have an impact on the cause of diabetes. This could be the probable reason why the present study is having higher prevalence of DM than the general and the adult population of Ethiopia.
The prevalence of this study was lower than reports from Senegal (14.5%), 31 Tanzania (24.7%), 32 Thai (27%), 33 Israel (22.9%), 34 California, USA (12%), 35 and Romania (13%). 36 On the other hand, the prevalence of DM in this study was comparable to the study conducted in Wolayta Sodo, Ethiopia (8%), 14 and the prevalence of DM in this study was higher than the study conducted in Zambia (2.7%). 37 In this study, higher prevalence of impaired fasting glucose was seen, which is inconsistent with a study done in Romania (4.34%) 36 and Zambia (1.3%). 37 The observed difference in the prevalence of DM could be due to variation in lifestyle, HAART regimens, and age distribution of the HIV-infected individuals.
In this study, most of the DM-positive individuals were greater than or equal to 40 years of age. When age is increased, the prevalence of DM also increases, which was consistent with the studies done in New York, USA, 21 Wolayta Sodo, Ethiopia, 14 Texas, USA, 38 USA, 39 and Zambia. 37 The majority of the study participants and most of the DM-positive individuals in this study were females (66.9%), which was consistent with the studies done in Tanzania, Muhabi national hospital (56%), 32 Wolayta Sodo, Ethiopia Notes: Statistically significant at P,0.05. *P-value of Fisher's exact test. Abbreviations: DM, diabetes mellitus; HIV, human immunodeficiency virus; JUSH, Jimma University Specialized Hospital; HAART, highly active antiretroviral therapy; WHO, World Health Organization; AIDS, acquired immunodeficiency syndrome; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; aZT, zidovudine; 3Tc, lamivudine; eFV, efavirenz; TDF, Tenofovir; nVP, nevirapine; aBc, abacavir; DDi, Didanosine; lPV/r, lopinavir/ritonavir. 
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DM and risk factors in HIV-infected individuals (51%), 14 and southern India (54%) 40 and inconsistent with the studies done in Malaysia (18.9%) 7 and People's Republic of China (24.3%). 41 In this study, 11.7% of the study participants had a family history of DM, which is inconsistent with the study done in Texas, USA (60%). 38 The majority of the study participants (83%) in this study had no habit of smoking in their life, and there was no association between DM and smoking, which was consistent with the study done in Malaysia. 7 In this study, most of the study participants (99%) were using the combination of nucleoside reverse transcriptase inhibitors and non-nucleoside reverse transcriptase inhibitors, which was consistent with the studies done in Malaysia (90.7%) 7 and inconsistent with the study done in Texas, USA (77.9%), 38 in which most of the study participants were using protease inhibitors. The observed difference could be due to variation in types and availability of HAART regimens.
Out of 189 study participants who had long duration of HAART ($5 years), 11.6% were DM positive, versus 2% DM positive in another group, that is, those who had short duration of HAART (,5 years), which is consistent with the studies done in Wolayta Sodo, Ethiopia (12.68%) 14 and Senegal (32.8%). 40 The above-observed difference could be due to variation in the types of HAART regimens.
In this study, 34% of the study participants showed hypertension, which was comparable to the study done in 31 higher than a study conducted in Ethiopia (15.9%) 14 and Malaysia (19.7%), 7 and lower than a study conducted in Tanzania (48%). 32 The observed difference could be due to variation in types of HAART, duration of HIV infection itself, stage of HIV infection, sex, lifestyle, and age difference of the study participants.
Most of the DM-positive study participants in this study had higher total cholesterol, triglyceride, and LDL-C, and low level of HDL-C, which was consistent with the studies done in Malaysia, 7 Nigeria, 20 and Australia. 16 The above similarity may be due to the similar risk factors of DM.
Most of the DM-positive study participants in this study were from urban areas, and they were merchants and employed because the study is conducted in urban area. Despite this, all of the DM-positive study participants had the three symptoms (polyphagia, polyuria, and polydipsia) of DM. Finally, almost all of the study participants were in WHO clinical stage I of HIV/AIDS and had normal BMI values. This could be because most of the study participants in this study were HAART users and they might take care of themselves.
Conclusion
We conclude that the magnitude of DM among adult HIVinfected individuals at JUSH comprehensive chronic care and training center was higher than the national estimated prevalence of DM in Ethiopia. Age, duration of HAART, hypertension, and LDL-C had a strong significant association with DM.
It is necessary to routinely screen HIV-infected individuals who are using HAART for DM. All newly diagnosed HIV-infected individuals should be screened for DM, both before and after initiating HAART. All the adult HIV-infected individuals should be routinely checked for hypertension, and lipid profile tests should be routinely done for screening of lipids abnormality. Moreover, based on our results, hypertension was the potential risk factor for the development of DM in HIV-infected individuals. So, the health professionals who are working in the comprehensive chronic care and training center should create awareness to their HIV-infected individuals about the prevention, diagnosis, and treatment of hypertension and DM to prevent further complication.
Further research is needed to discover the impact of HAART usage and its duration on the development of DM in HIV-infected individuals with large sample size and with longitudinal study.
Disclosure
The authors declare that there is no competing interest. 
